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Abstract -- We present the predictions of transient photon switcbing by quantum interkrence in a fbur- 
state system This eqeriment will be carried out in laser-cooled atom. Our study can demonstrate kasibiliw of 
the three-fbld entangled state. 
The quantum interference phenomenon has attracted much attention and enriched a number of research fields. 
Recently, Harris and Yamamoto propose an intriguing idea of photon switching by quantum interference in a 
four-state system [I]. In the system, a weak probe laser and a coupling laser form the three-state A-type 
configuration of electromagnetically induced transparency (EIT); a switching laser drives a transition between 
the fourth state and the ground state of the coupling field. In absence of the switching field, probe absorption is 
inhibited due to the EIT effect. Presence of the switching field enables the probe absorption and induces the 
three-photon transition. An important result is achieved in this four-state system that one switching event of the 
probe field costs one switching photon under the ideal condition [l]. The result leads to a very interesting idea 
of the three-fold entangled state that may provide a new mean in manipulation of quantum information [2]. 
We have systematically studied transient photon switcbing by quantum interference. At large intensity of 
either the coupling or the switching field, transient probe absorption has some oscillations other than increases 
exponentially. Rise time of the probe absorption is never shorter than 2/T, where r is the spontaneous decay rate 
of the excited states. In the case that intensities of both the coupling and the switching fields are small, transient 
probe absorption is just an exponential function. Time constant of the exponential function is equal to 
2T/(R:+R:), where R, and Q are the Rabi frequencies of the coupling and switching fields. These results are 
obtained not only by solving the optical Bloch equation numerically, but also by analytical calculation in the 
basis of dark and non-dark states. 
The experiment of transient photon switching will be carried out in cold "Rb atoms. Cold atoms are 
produce by an magneto-optical trap (MOT). Our MOT has been described elsewhere [3]. All laser and magnetic 
fields of the MOT are not present during the measurement. The coupling and probe beams both drive the 
15.9,,&2) + 15Pln,F=2) transition resonantly. They are circularly polarized with right (a+ polarization) and left 
(a- polarization) helicities, respectively. Both beams propagate in the same direction (the raxis). The switching 
beam drives the 15S,,,F=2) + 15P3,,F=1) transition resonantly and is linearly polarized in the z direction. A 
laser beam of a large spectral width serves as an incoherent pump and excites the 15&,,F=I) + 15P,,F=2) 
bansition. It optically pumps population to the ground state of 15&,,F=2). Since the probe field is much weaker 
than any of the other fields, all population is prepared in the Zeeman sublevel of 15S,,,F=2,~2). Hence, we will 
have an ideal four-state system made by 15S,,,F=2,m2), 15Pm,F=2,ml), )5S,,,F=2,m=O), and 15Pln,F=l,mO). 
The system is initially in the EIT condition. During measurements of transient photon switching, the switching 
field is tumed on suddenly and we will record the probe absorption as a function of time. 
In conclusion, we have shown the predictions of transient photon switching by quantum interference and 
described the design of the experiment. The experiment utilizes cold *7Rb atoms produced by a MOT. We 
typically trap 5 ~ 1 0 ~  atoms in the MOT and relaxation rate of the ground-state coherence is about 0.002r in the 
experimental system. This condition is very suitable for the study of transient photon switching. Our theoretical 
study advances the knowledge of photon switching by quantum interference. The proposed experimental work 
can demonstrate feasibility of the three-fold entangled state that may lead to applications in quantum 
information. 
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